In this paper, the analysis of liquefied natural gas process plant technology, into the device before the natural gas compression, and then through the MEA aqueous solution to remove CO2. Finally, the compressed water removed; clean natural gas before entering the liquefaction unit. In the liquefaction unit, the high pressure natural gas is cooled and liquefi ed deep. The required cooling capacity is obtained by circulating the gas turbine to drive the closed mixed refrigerant nitrogen, methane, ethylene, propane and other components, and liquefied natural gas (LNG), which is fi nally stored in an atmospheric tank through a liquefi ed natural gas container or liquefi ed natural gas tanker for distribution. The recycle of the recycle refrigerant is carried out by means of environmental conditions. The heating medium required during the installation process is the hot oil heated by the exhaust gas of the gas turbine. The liquefi ed gas in the liquefi ed natural gas tank is compressed to regenerate the desiccant and then sent to the gas turbine as the fuel gas.
Factory design data

Factory production and storage requirements
The factory is the basic load type liquefi ed natural gas production factory, the continuous running time is 8000h, the liquefaction capacity is 54t / h, the operation elasticity is 50% -100%. LNG tank capacity of 30000m3 is to meet the 10-day production of storage. LNG distribution and fi lling system is for every day for 14 h fi lling 100 container tanks, of which 90% of road transport.
Raw material gas conditions and product specifi cations
The raw material gas from the pipeline is from the nearby oil and gas fi elds. The raw material gas composition is shown in Table 1 . The feed gas pressure range is 0.7 to 1.1 MPa and the design pressure is O. 7MPa, the temperature range of -15 C -40C, the design temperature is 28 C, the raw material gas content (dew point) normal -42 C, maximum -10 C. LNG product specifi cations in Table 2 , the tank pressure 0.01MPa, the temperature is -163 C, in the design of raw gas composition, LNG at 162.3 C when the liquid density of about 486.3kg / m3.
On-site environmental conditions
The environmental conditions of the LNG plant are shown in Table 3 . 
Factory technical analysis
The basic load type Nissan 1.5 million m3LNG liquefi ed natural gas plant includes natural gas pretreatment and natural gas liquefaction, liquefi ed natural gas storage and liquefi ed natural gas distribution system.
From the oil fi eld to the raw material gas pressure about O. 7MPa, with the raw material gas compressor pressurized, the use of Monoethanolamine (MEA) to absorb carbon dioxide, molecular sieve adsorption of water, purifi ed natural gas using mixed refrigerant circulating cooling (MRC) process liquefaction, which is my factory only chemical reaction. The rest are changes in the physical state, liquefi ed natural gas sent to the LNG storage. The mixed refrigerant is mainly composed of nitrogen, methane, ethylene, propane and pentane, and the mixed refrigerant compressor is driven by a gas turbine, and the fuel of the gas turbine is mainly from the fl ash gas in the tank. Natural gas and cold exchange of cold box using Linde unique winding tube heat exchanger. The fi nished product is stored in a 30000m3 single-packed, normally-loaded double-walled metal tank designed by TGE. The LNG is lifted from the liquid pump in the tank to the loading arms for loading of the container cans.
Process system
Natural gas pretreatment
From the raw material composition of the factory can be seen, mercury, hydrogen sulfi de and aromatics content has to meet the purifi cation requirements. Therefore, the devices only consider off -carbon dioxide and water. According to the existing raw material gas conditions is from the natural gas to remove carbon dioxide using a chemical washing method. MEA washing process is a mature process, no patent license fee, cheap and reliable, the device uses 12% (mass concentration) MEA as a washing solvent. Dehydration using molecular sieve adsorption, because this method has a strong adsorption capacity, low water vapor pressure under the high adsorption characteristics, and can remove residual acid gas.
The low pressure natural gas (feed gas) from the boundary zone is fi rst removed by the feed gas fi lter separator, solid particles, and then compressed by the feed gas compressor Class I, and then cooled down to about 40 ° C by intercooler air coolers The intermittent gas-liquid separator separates the condensed water and enters the carbon dioxide scrubber by the compressor II stage, the inter-stage air cooler and the inter-stage separator, respectively, and the carbon dioxide is separated from the O.1 mole fraction Reduced to 50 × 10 * volume fraction, after the separator into the compressor III level compression, after cooling and separation of condensate, to dry the dehydration unit.
Since the feed gas pressure is too low, in order to eff ectively liquefy, it is necessary to increase the pressure of the natural gas to meet the operating pressure requirements of the carbon dioxide washing unit and the molecular sieve dewatering system at the same time. Where the plant is located in an arid area, in order to save water, almost all of the cooling is air cooled and no recirculating cooling water system is installed.
In order to remove mercury from the feed gas, a mercury adsorbed unit was designed downstream of the feed gas compressor Class I, which included a mercury adsorbed and a downstream filter. The downstream filter is used to prevent dust from entering the feed gas line.
The feed gas enters from the bottom of the MEA scrubber and fl ows from the bottom up through the fl oat valve tray in contact with the reverse fl ow of the amide solution. The poor amine solution absorbs the acid gas and the carbon dioxide reacts with the weak base in the solvent to form the weak bond Acid salt. At the top of the column, the purge gas is recovered by means of four additional trays, which are washed with water. The purifi ed natural gas from the top of the tower contains 50 x 10 books of carbon dioxide and 40 ° C of saturated water. The rich amine from the bottom of the scrubber is returned to the stripper and regenerated by heating the oil and the cooler. The carbon dioxide is Separation and purifi cation of the poor amine solution back to the scrubber. To reduce the amount of acid A in the acid gas at the top of the stripping tower, the top of the column is provided with a water wash. The acid gas at the top of the column is cooled by the air cooler, and the gas and condensate tank separation, acid gas sent to the torch system emissions.
The operation of the MEA wash unit is very sensitive to contamination. Before the test, the system must be thoroughly rinsed with purifi ed water, potassium salt solution and a certain percentage of MEA solution to remove oil or grease and avoid 'foaming' during operation.
The circulation fl ow of the MEA must be adjusted according to the load variation of the plant to maintain a qualifi ed carbon dioxide concentration. MEA concentration, water balance, heat balance, tower pressure drop and temperature are the main points of control.
Foam will reduce the contact between the gas phase and the liquid phase, thereby reducing the absorption effi ciency, resulting in excessive carbon dioxide. The foam may be caused by solid particles and other impurities in the wash solution. Filtration of the solution by mechanical means greatly reduces the possibility of foaming. So that the fl ow of the adjustable fl ow side of the fi lter, and while defamer injection facilities. The condensate of the booster unit is sent to the washing unit to reduce the utility water. The online analyzer checks the carbon dioxide content and confi rms the results of the on-line meter by laboratory analysis.
The dryer is a two-bed adsorption unit with a cycle time of 8h. Natural gas fl ows down in an adsorbed, and the moisture is adsorbed by the adsorbent, down to the extent that the liquefaction unit does not freeze. During this period the other adsorbed is heated and cooled with a regenerated gas (compressed LNG tank fl ash vapor). The regenerated gas is heated by the heat transfer oil through the heat exchanger for cooling after the regeneration by the air cooler, and then the gas is separated by the regeneration gas separation tank, and the gas is the fuel of the gas turbine unit. The two absorbers are controlled by the program for periodic switching operations, and the operating pressure for adsorption and regeneration is diff erent, so a slow boost or depressurization process is required. The estimated life expectancy of the adsorbent is about 3 years.
The water content was checked by an on-line analyzer and the results of the in-line water meter were confi rmed by laboratory analysis. Before allowing the gas to enter the liquefaction unit, the water content should be less than 0.5 x 10 books.
The amount of regeneration gas at the beginning of the heating and the end of the cooling will change, and the pressure control of the fuel gas to the gas turbine unit becomes important.
Natural gas liquefaction and mixed refrigerant system
Liquefaction of natural gas Natural gas liquefaction using Linde's advanced mixed refrigerant cycle (MRc) technology, which is characterized by a mixed refrigerant instead of a variety of single refrigerant compression cycle, less compression equipment, only one compressor unit, and Condensation, separation and expansion of the series of process optimization.
Through the pretreatment system, the natural gas in the carbon dioxide and water content compliance, the natural gas into the cold zone, cold by the integration of a shell in the three spiral wound heat exchanger and several gas-liquid separator composition. The gas is fi rst pre-cooled in the pre-cooler (the feed gas is only near the liquefaction conditions) and the heavy hydrocarbon components that may be present are removed in the feed gas heavy hydrocarbon separator: then the liquefi er is then condensed and the sub cooler is cooled to a 155 -C. The temperature of the sub cooler is controlled by adjusting the amount of flue gas consumed by the fuel gas required for operation of the gas turbine unit. The cooling capacity of the liquefaction is provided by the circulation of the multi-component mixed refrigerant consisting of nitrogen, methane, ethylene, propane and pentane.
The principle of natural gas fl ow regulation is to transport as much natural gas as possible to the liquefaction of the MRC. But in fact there is not so much raw material gas but according to the pressure of a compressor and the compressor load to adjust the intake of LNG. Before the natural gas enters the LNG storage tank through the throttle expansion valve, the natural gas fl ow rate is adjusted according to the temperature of the liquefi ed natural gas after the valve (as a measure of the correct liquefaction of the LNG), so that the expansion valve is delivered to the device In the natural fl ow of the indirect fl ow controller. By adjusting the valve, the amount of fl ash gas in the LNG tank can be changed. In this way, there is a balanced control between the input fl ow and the liquefaction of the natural gas.
Refrigerant circulation
The refrigerant is discharged from the lower side of the cold box side, and the temperature is slightly higher than the temperature in the saturated state. The refrigerant is fi rst passed through the compressor I stage inlet separator and then cooled by the refrigerant circulating compressor class I, cooled by the air cooler and part of the gas is condensed. The gas and liquid are fed together into the compressor II stage separation tank for separation. The recycle gas is further compressed at the compressor II level: the separated liquid is pumped to the inlet of the recycle compressor II stage air cooler by the MRC, with the II grade outlet gas mixing. After cooling by the air cooler, the gas and condensate are separated in the recycle compressor III stage inlet separator. The separated gases are compressed by a Class III, cooled by a cooler, the heavy components are condensed, and the gas is separated in a circulating high pressure separation tank. This tank is also used as a buff er tank for recirculating refrigerant components.
The liquid in the circulating high pressure separation tank fl ows into the III stage inlet separator, and all the liquid hydrocarbons fl ow into the precooler and then pass through. After the throttle expansion and expansion, the cooling capacity is provided for the precooling of natural gas. The recycle gas from the circulating high pressure separation tank is also cooled to the same temperature in the pre-cooler, partially condensed into the MRC separator, the liquid coming out of the separator is cooled in the liquefi er and then cooled by the J-T valve after expansion, it is used to provide refrigeration for the liquefi er. And the separated gas is condensed in the liquefi er, supercoiled in the sub cooler, and the fi nal cooling capacity for the sub cooling of the natural gas after the J-T valve. The expanded recirculation gas stream is reheated in the pre-cooler, liquefi er and sub cooler shared shell side of the low-temperature spiral wound tube heat exchanger, and is returned to the recirculation stage of the recycle compressor by the I-stage inlet separator.
Refrigerant storage and replenishment
The refrigerant replenishment system is provided for the loss of circulating gas in the refrigerant system caused by the gas sealing system of the recycle compressor. The amount of each component of the refrigerant is adjusted according to the composition of the refrigerant on-line composition; the temperature of the cold zone is adjusted and added to the system by metering. When fi lling, it should avoid excessive fi lling of the refrigerant and exceed the design value. The actual fi lling amount should be recalculated according to the actual piping and the volume value of the equipment to correct the theoretical design. After each fi lling step is completed, the state of the gas must be confi rmed.
Liquefi ed natural gas storage and fi lling system
The LNG enters the LNG cryogenic tank from the liquefaction unit and enters the tank from the top of the tank into the tank. The feed can be injected into the upper part of the tank or injected into the lower part of the tank, either in the upper and lower stages. The upper or lower feed is determined by the operator according to the liquid density and temperature conditions in the tank. To ensure that LNG and tank LNG can be fully mixed, to avoid the tank liquid phase to create a layer to prevent the 'roll' phenomenon occurs to ensure the stability of low temperature tank operation and safety.
The tank is equipped with liquid level, pressure and temperature measuring instruments. The protection system of the tank is connected with the DCS by the safety control system. When the tank is at high or high pressure, the feed valve of the tank is automatically closed. LNG tank at diff erent levels of height, not only the layout of the thermometer, also equipped with a densitometer to monitor, to prevent the liquid in the tank may occur in the 'roll' phenomenon.
The LNG tank is equipped with two vertical centrifugal submersible pumps (one of which is supplied) and installed at the bottom of the tank through the drum. The LNG pump is in continuous operation and re-injects the LNG in the tank from the tank inlet line into the tank through the return line on the pump. It serves to circulate the LNG in the tank and reduce the LNG Phenomenon: At the same time to keep the tank inside and outside the pipeline is always in a cooling state, easy to operate the normal operation of the process.
LNG is transported by LNG pump in low temperature tank to LNG car, low temperature container tank; gas return line is connected with gas chamber space in tank to balance the pressure of car tanker and container tank when loading. Phase full rate. In the non-loading time, through the tank and loading facilities between the LNG recycling pipeline, to maintain the loading equipment and pipeline cooling, is conducive to loading facilities in the loading quickly when the start.
The evaporative gas produced by the exchange of heat from the outside, the heat transfer of the LNG in the tank, the LNG loading and the natural convection of the LNG in the tank, and the evaporation of the vapor due to the loading facility, Compressor handling, used as regenerative gas and gas turbine unit fuel gas.
At the same time in order to control the tank during operation due to operating accidents, changes in the external environment and changes in the vapor pressure in the tank and other reasons arising from the positive and negative pressure, the tank is equipped with a discharge control system to the torch control valve and emissions to the atmosphere Safety valve. In order to prevent the tank negative pressure, also set a vacuum valve.
In normal operation or emergency conditions, from the LNG storage tanks, natural gas purifi cation, liquefaction devices and loading facilities to the venting gas, the tank into the fl are combustion.
At LNG plant production, LNG is continuously fed into the tank at a fl ow rate of 11 lm3 / h. Two LNG submerged pumps are installed in the tank, each designed fl ow of 320m3 / h, one for one, for pumping and fi lling. The liquid pump is placed on the tank inside the tank with a bottom valve. Each pump has a return line that returns to the tank and can be used to maintain the minimum fl ow rate of the pump when stopping fi lling. The fi lling lines to the tanker and the container tank fi lling station are always circulated by a small amount of LNG to maintain the cold state of the system. The car cans are weighed by the weighbridge, and they are sent to the fi lling point after the measurement. The gasliquid interface on the tanker is manually connected with the gas-liquid interface of the fi lling arm. At the beginning, the LNG enters the tanker with a higher temperature and vaporizes immediately, and the resulting gas is returned to the tank through the fi lling arm gas return pipe. After the cold tank, the fi lling fl ow can be increased to the maximum. When the accumulated fl ow reaches the set value, the control valve is cut off and the fi lling is stopped automatically. The tanker and the fi lling arm are manually unloaded and, after weighing, the tanker leaves the station area.
The fi lling procedure of the container tank is the same as that of the tanker. The diff erence is that the car tanker moves for itself, and the container tank uses a fl atbed trailer as a moving tool in the fi lling area. After fi lling, the car tanker is shipped to the factory, the container tank is transported by the fl at trailer to the railway line located in the factory, and the container is placed in the container on the wagon. 1 car tanker or container tank fi lling the whole process takes about 112h, fi lling station design capacity of 16h fi lled with volume 40m3 car tankers or container box 100. The fi lling station consists of six container tank fi lling arms, three car tank fi lling arms and a motorized tanker fi lling hose.
Fuel gas systems
The flash gas of the LNG storage tank is compressed by the flash vapor compressor, cooled by the air cooler, regenerated as a drying unit, and fi nally sent to the gas turbine unit as fuel gas. To ensure the fuel gas pressure, a gas is withdrawn from the feed gas compressor II as a supplement to the fuel gas.
Conductive oil system
The heat transfer oil system provides two temperature-level process heats to the device. The heat transfer oil maintains a steady fl ow in the system. Flows through two circulation systems are a medium temperature circulation system and a high temperature circulation system. The heat is provided by a hot oil heater (waste heat recovery system) installed in the gas turbine exhaust chimney. In order to ensure the normal start of the winter, the thermal oil system has electric heating facilities.
In order to make full use of the flash gas of the liquefied natural gas storage tank, the circulating refrigeration compressor is driven by the gas turbine unit by using the fl ash gas as the regeneration gas of the drying unit and the fuel of the gas turbine unit. The heat source of the drying unit and the heat source of the carbon dioxide unit are the exhaust heat of the exhaust gas discharged from the gas turbine unit, so there is no steam system. As a result of investment control and there is no energy recovery users, the existing gas turbine unit exhaust emissions without energy recovery device, but part of the use of waste heat, that is, part of the energy recovery.
Torch system
There are two torch systems, the thermal torch system handles the warm gas, and the cold torch system handles the cold fl uid. The use of online automatic ignition system, when the torch has exhaust gas, the automatic light, the torch lit after a long light off . This control system with a fl ow computer automatically records the emissions of the torch, the amount of fuel for the long lamp, and the amount of gas used to seal the gas. It can provide specifi c and reliable data for the entire torch system. The location and height of the torch should take into account the eff ects of thermal radiation during combustion, allowing the value of the thermal radiation value and the permissible pressure force drop.
Major equipment
The main equipment of the factory is cold box, large low temperature tank, cryogenic pump, centrifugal compressor, reciprocating compressor and gas turbine unit. These equipment and LNG storage tanks are used in the introduction of low temperature materials. Most of the other equipment is materials based on domestic supply.
Liquefi ed natural gas storage tank
Considering the capacity of liquefi ed natural gas plants to deal with natural gas and the amount of liquefi ed products, the storage requirements and characteristics of the project and the geographical environment of the site are based on the mature LNG storage technology at home and abroad. The atmospheric pressure, low temperature, , Reduced investment. In addition to the application of the specifi cation, in addition to the basic domestic fi re protection regulations must be met, the United States NFPA259A liquefi ed natural gas (LNG) production, storage and shipping standards. 
Conclusion
At present, the domestic LNG related technology has made great progress, but compared with foreign countries there is still a big gap, mainly on the liquefaction technology and large-scale low-temperature storage tanks and Xiang Qiang equipment master. Natural gas liquefaction technology itself is not complicated, the domestic simulation software can also be more accurate calculation, but the industrial scale, the whole process design is still a lot of diffi culties, to strengthen the understanding of the whole process of process control and understanding of equipment performance. So that the process, equipment selection and process control technology is a good combination of the three, perhaps to improve the level of process design key.
